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[57] ABSTTRACr 

An automatic protection and recovery method for a 
telephone line interface circuit is described. The inter- 
£ace drcuit monitors current on the line, and in the 
event of a fault producing an excessive current a protec- 
tion relay interrupts a connection of the interface dicuit 
to the line, and die interface circuit monitors common 
mode voltage on the Ime. The interface circuit is recon- 
nected in response to the monitored voltage being 
below a relatively high threshold. If a second interrup- 
tion results, the interface circuit is then reconnected in 
response to the monitored voltage being below a lower 
threshold If a further interruption results, the tater&ce 
circuit enters a ground fault recovery process. The 
method facilitates protection and rapid recovery from 
arbitrary fault conditions on the telephone line. 

24 Claims, 4 Drawing Sheets 
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through feed resistors connected between the relay 
PROTECTION AND RECOVERY OF TELEPHONE contacts and other pans of the line mterface drcuit 
LINE INTERFACE QRC^JITS When the relay contacts are open so that current flow is 

interrupted, the voltage on the line contimies to be 
This invention relates to telephone line interface dr- 5 monitored via connections to the line wires on the line 
cuits, and is particularly concerned with the automatic side of the protection relay contacts, 
protection and recovery of such a circuit from fault While such an arrangement has considerable advan- 
situations on a telephone Ime to which the circuit is tages, the voltage monitoring when the protection relay 
connected m use. contacts are open due to a ground feult is not able to 

Cross-RefercncctoRdatedAppUcations ^° detect wh^ the^und feuft is cleared, so Aat aut^ 

*^ niaticresettmg.of the protection arrangement foDowing 

Reference is directed to the foDowiiig related United a ground fault is not easily achieved. The relatively 
States patent applications, the entire disclosure of each common occurrence of ground faults makes this a sig- 
of which is hereby inc<Hporated herein by reference, nificant problem. 

which describe various aspects of a versatile program- 15 An object of this invention is to provide an improved 
mable telephone line interface drcuit- automatic protection and recovery method for a tele- 

U.S. Pat No. 07/862,478 filed Apr. 2, 1992 in the phone line interface drcuit 
names of S. D. Rc»enbaum et aL and entitied Tele- 
phone Lme Interface Circuit With Voltage Switching"; SUMMARY OF THE INVENTION 

U.S. Pat No. 07/868,893 filed Apr. 16, 1992 in the 20 According to one aspect of this invention there is 
names of R. W. Rosch et ai. and entitied "Telephone provided an automatic protection and recovery method 
line Interface Circuit With Voltage Control"; comprising the steps of: interrupting a connection of a 

U.S. Pat No. 07/868,941 filed Apr. 16, 1992 in the tdephone line interface circuit to a telephone lme in 
names of R. W. Rosch et aL and entitled "Wideband response to a fault condition; and recoimecting the in- 
Telephone Line Interface Circuit": and 25 terface circuit to the line in dependence upon at least 

U.S. Pat No. 08/010,244 filed Jan. 28, 1993 in the one criterion, the d^)cndcnce bdng different for recon- 
names of S, A. Gores et aL and entitled "Method Of nection after successive interruptions. 
Providing D.C. Feed To A Telephone Line". In an embodiment of the mvention which is described 

BACKGROUND OF THE INVENTION ^ 2Vfff ^t^' ^^^^"^ ^"""^ reconnection after a 

30 tirst mterruption is that the common mode voltage on 
It is well known that a tel^hone line is subject to the line be below a rdativdy high threshold, and the 
various types of faults from which sensitive components criterion for reconnection afta: a second interruption, 
(eg. integrated circuits) in interface circuits coupled to occurring within a predetermined period following the 
the telephone line must be protected. Eiramples of such fir^ reconnection, is that the common mode voltage on 
faults are surges due to lightning strikes, power line 35 the line be below a considerably lower threshold. Fur- 
crosses and/or a.a induction from power lines, other ther criteria, relating to recovery fi-om a presumed 
externally applied voltages on the telephone line, and ground fault, are used for recovery from a third inter- 
ground faults in which a wire of the tdephone line is ruption of the connection. 

undearably grounded. Such feults may be of various Accordingly, the method preferably includes the step 
durations, for example they may be transient as in the 40 of monitoring conmion mode voltage on the line when 
caseoflightningsurges, they may be of significant but the connection of the interface circuit to the line is 
not prolonged duration, or intermittent, as in the case of interrupted, the inter&ce drcuit being reconnected to 
power line crosses, or they may be of prolonged dura- the line m response to the monitored common mode 
tion, as in the cases of a.c.^ induction and ground faults. voltage being below a threshold, and the threshold 
In order for a protection arrangement to be effective, 45 being reduced for reconnection after a second interrup- 
it must respond to arbitrary fault conditions before tion which occurs within a pred^ermined period fol- 
there is any risk of damage being caused to the compo- lowing reconnection after a first interruption of the 
nents of the line inter&ce drcuit, without responding connection. 

inappropriately to conditions which may occur in nor- For effective protection, the method desirably in- 
mal operation of a telephone line interfece circuit 50 eludes the step of monitoring current on the line, the 
It is well known to protect against Ughtning surges by connection of the interface circuit to the line being 
providing surge arresters. As lightning surges have a interrupted in response to an excessive monitored cur- 
short duration and occur relatively frequently, it is rent 

desirable that other protection facilities either not re- In this case the method preferably includes the steps 
spond to such surges, or quickly respond and then 55 of, in response to mtemq)tion of the connection withm 
quickly and automatically reset themselves for normal a predetermined period following a reconnection of the 
operation. Automatic, but not necessarily very rapid, interface drcuit to the line: reducing a loop drive volt- 
resetting of protection facilities on removal of relatively age for supply from the interface circuit to the line; 
long-duration fault conditions is also required. reconnecting the inter&ce circuit to the Hne; and deter- 

These requirements present considerable obstacles to 60 mining removal of a ground fault on the line in depen- 
overcoming the problem of providing an effective pro- dence upon the monitored current on the line supplied 
tection arrangement with the reduced loop drive voltage. This provides an 

In Rosch et al. U;S. Pat. No. 4,947,427 issued Aug. 7, effective manner in which recovery from a ground fault 
1990 and entitled 'Trotection Arrangement For A Tel- can be achieved quickly and automatically, 
ephone Subscriber line Interface C^cuit" them is de- 65 To distinguish successive interruptions of the connec- 
scribed a protection arrangement in which protection tion due to a single feult from interruptions due to sepa- 
relay contacts in series with the line wires are opened m rate faults, preferably the method includes the step of 
response to an excessive current flowing on the line and resetting a count of succes^ve interruptions a predeter- 



12/15/2003, EAST Version: 1.4.1 



5,390,231 

3 4 

mined period following reconnectton after the last in- toring current on the telephone line to detect removal 

temiption, the criterion for reconnection being deter- of the ground fault 

mined in dependence upon the count Preferably the step of controllmg the voltages sup- 
It is observed that other criteria may be used for pUed to the terminals comprises applying a relatively 
determimng reconnection after various interruptions. 5 small or negligible differential voltage to the two termi- 
For example, an initial interruption could be foUowed nals to produce said relatively anall or negligible loop 
after a prcdetermmcd time by an automatic rcconnec- current on the line. 

tion, the criterion in this case simply being expiry of the xhis method preferably includes the steps of: modify, 

predetenmned time. Alternatively, such a tamng func- ^^^^^ ^o at least one of the two termi- 

aonmaybecombmedwithmomtormg of the h^^^^ 10 nals in dependence upon the monitored current to main- 

age or some oth^ parameter to establish cntena for ^ ^ substantiaDy constant monitored current in the 

vanous reconnections. , presence of the ground fault; and monitoring the sup- 

Accordmg to anmher espoct this mvention provides ^ ^ ^^^^^ 

an automatic protection and recovery method for a * ^^^^m ♦ ^ ■ ^ • ^ 

telephone line interface circmt coupled to two wires of 15 ^^f^i^So ^.t!^^ 

a telephone line via respective switches, comprising the ^ T^T^ protection and recovery method compnsr 
steps of: monitoring Sirrent on the line when the «>Sthestepsof:mterruptmgacomiec^^ 
switches are closed; opening the switches in response to interface circmt to a telephone Ime m response to 

an excessive monitored current; monitoring voltage on ^"^^ ^ exceedmg a predetermined thresh- 

the line when the switches are open; closing the 20 ^^^^ momtormg at least one variable to determine 
switches in response to the monitored voltage being whether or not a cntenon for reconnection of the mter- 
below a threshold level; and changing the threshold circuit to the line for normal operation is satisfied; 

level between two successive closmgs of the switches. reconnecting the interface circuit to the Ime for normal 

Preferably the method includes the step of detcrmin- operation in response to the criterion being satisfied; 
ing a predetermined period from a first closing of the 25 ^nd counting successive interruptions of the connection 
switches responsive to the momtored voltage being each occurring within a predetermined period follow- 
below a first threshold level following a first opening of "^S ^ reconnection of the interface circuit to the line for 
the switches, and the step of changing the threshold normal operation, thereby to provide an indication of a 
level comprises using a second threshold level, less than state of the line interface circuit 
the first threshold level, for a second closing of the 30 Such an indication can be communicated from the 
switches following a second opening of the switches line interface circuit to central office equipment to 
which occurs within the predetennined period. The which the line interface circuit is coupled, in order to 
first and second threshold levels conveiucntly corre- facilitate maintenance operations of the central office, 
spond to a common mode voltage on the line of the Conveniently, this method also includes the steps of 
order of respectively 180 and 40 volts nns. However, it 35 determining the criterion for each reconnection in de- 
is observed that these thresholds may be widely varied pendence upon the count of successive interruptions, 
to suit particular circumstances, and more than two and maintaining an mtcrruption of the connection for at 
different thresholds may be used for successive recon- least a predetermined period in response to a predeter- 
nections. mined count of successive interruptions being reached. 

Preferably the step of monitoring voltage on the line 40 this serving to avoid undue repeated operations, or 
comprises rectifying and th«i low pass filtering com- chattering, of a protection relay which effects the inter- 
mon mode voltage on the line, ruptions and reconnections. 

According to a further aspect this invention provides Anotiier aspect of this invention provides an auto- 
an automatic prota^bon and recovery method for a protection method for a telephone Ime interface 

telephone hnemterface circmt, comprumg the ste^^ 45 to two wires of a telephone line via 

momtormg current on a wire of a telephone line to ...^u.,,^^-.^ *i. * r i- « 

which the interface ciicuit supplies a drive voltage; Z^^r^^^tif^^ 
interrupting a connection of the faiterface circmt toX P™^8 indK^n of an overcurraitin response to 
wire in ,4onse to the monitored current exceeding a ?^ I»ssfflf«ed r^ed con^on mode current on Ae 
threshold value; reducing the drive voltage; reconnect- 50 ««=««»mg a predetenmned threshold; maeasmg by 
ing the interface circuit to the wire; and determimng * ^ amouiit. or decrea^g by a second. smaUer, 
removal of a .ground fault on the wire in dependence a variable in dependence upon whether or not. 

upon the monitored current on the wire suppUcd with respectively, said mdicatioii is provided in each cycle; 
the reduced drive voltage. opemng the switches m response to the variable 

In this case the step of determining removal of a 55 re^cUng a predetermined threshold, 
gronnd feult on the wire preferably comprises the steps method preferably includes the steps of. while 

of varying the drive voltage in dependence upon the ^ mdication is provided in each cycle, detennining 
monitored current on the wire and monitoring the drive crossing of common mode current on the line 

voltage. opening the switches in refuse to a determined 

According to another aspect, this invention provides 60 crossmg. 

*gr^:ruirL'r!SSUSLr:£ht: «^ desc^on ofthe drawings 

terminals of a telephone line interface circuit are con- The invention wiD be further understood from the 
nected for supplying respective voltages thereto, com- following description with reference to the accompany- 
prising the steps of: controlling the voltages supplied to 65 ing drawings, in which: 

the terminals to produce a measurable common mode FIG. 1 is a schematic diagram illustrating pans of a 
current in the presence of a ground fault and a relatively tdephone line interface circuit which is arranged to 
small or negligible loop current on the line; and moni- operate in accordance with this invention; 
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FIG. 2 is a flow chart with reference to which piotec- The transmission interface 16 produces a signal on the 
tion operations in the telephone line interface circuit of transmh path Tz from the differential current signal ID, 
FIG. 1 are explained; and includes amplifiers 30 having low impedance out- 

FIG. 3 is a state diagram illustrating states in a recov- puts, constituting outputs of the transmission interface 
ery process in the telephone line interface circuit of 5 16 coupled to the drive circuit 10, at which are pro- 
FIG. 1; and duced complementary signals derived from a signal 

FIGS. 4 and 5 are flow charts with reference to received via the receive path Rx. 
which recovery process operations of the telephone line The drive circuit 10 comprises two d-c. buffer ampli- 
interface circuit of FIG. 1 are explained. fiers 32, associated with the tip and ring terminals T and 

DPTATLED DESCRIPTION ^ respectively, each of which has its output, constitut- 

DETAILED DESCRIPTION ^ respective output of the drive circuit 10, con- 

FIG. 1 illustrates parts of a telephone line interface nected to its inverting input to provide the amplifier 
circuit, which is assumed in the following description to with a unity gam so that these amplifiers have a maxi- 
form part of and be located at a td^hone central of&ce mum bandwidth and a minimnm output impedance, 
or CO. (not shown), but which may.alteratively form 15 Each amplifier 32 has its non-inverting input connected 
part of a remote terndnal which is coupled to a CO. via via a capacitor 40 to a respective output of the transmis- 
a multiplexed communications path. those parts of sion interface 16. The non-inverting infwts of the anq)li- 
the line interface circuit wtudi are relevant to a full fiers 32 are also supplied with d.c. voltages, TV and RV 
understanding of this mvention are shown in HG. 1. for the tip and ring sides respectively of the drive dr- 

As shown within broken lines, the line interface dr- 20 cuit, which are controlled by the digital control circuit 
cuit comprises a drive circuit 10 which is coiq}led to 20 and determine the voltages at the outputs of the 
terminals T and R, for connection to the tip and ring amplifiers 32 and hence at the terminals T and R when 
wires of a two-wire telephone line, via a sensing circuit the contacts 14 are closed. The drive circuit 10 is sup- 
12 and contacts 14 of a protection relay 15. The drive plied with power from supply rails which are at poten- 
circuit 10 is also coupled to a transmission interface 16 25 tials of ground (zero volts) and a voltage DV which is 
which conmiunicates with the remainder of the CO. via produced by the CVG 18 under the control of the digi- 
tiansmit and receive signal paths Tx and Rx respeo- tal control circuit 20. 

tively. The line interface circuit also includes a con- The signals IL, ICM, and VCM produced by the 
troUed voltage generator or CVG 18, a digital control sensing circuit 12 are supphed to inputs of the multiplex- 
circuit 20, and a multiplexing analog-to-digital (A-D) 30 ing A-D converter 22, whose digital outputs are sup- 
converter 22. plied to the digital control circuit 20. The digital control 

The drive circuit 10, sensing circuit 12, transmission circuit 20 monitors the digitized signals and operates in 
interface 16, and digital control circuit 20 are conve- accordance with a stored program, for example down- 
niently of the form fully described in the related United loaded from the CO. with which it communicates via a 
States patent appUcations already referred to. The CVG 35 path 46, to determine appropriate operatmg conditions 
18 is conveniendy of the form described in Rosenbaum for the remainder of the line interface circuit. In normal 
et at U.S. Pat. No. 5.103,387 issued Apr. 7, 1992 and operation the relay contacts 14 are closed and, as de- 
entitled "High Voltage Converter". Only those parts of scribed fully in the related applications already referred 
the SCTsing circuit 12, drive <^cuit 10, and transmission to, the digital control circuit 20 monitors the loop cur- 
interface 16 which are necessary for a full understand- 40 rent IL to determine the hook state of a telephone con- 
ing of this invention are illustrated in FIG. 1 and are nected via a telephone line to the terminals T and R. In 
described below. the off-hook state, the digital control circuit 20 controls 

The sensing circuit 12 includes a balanced arrange- the voltage D V and the voltages TV and RV to provide 
ment of feed resistors 26 connected in scries with wind- a limited loop current while maintaming adequate head- 
ings of a small a.c. sensing transformer 28 between the 45 rooms (voltages by which the voltages TV and RV, and 
outputs of the drive circuit 10 and the contacts 14, a hence the output voltages of the amplifiers 32 and the 
current sensmg resistor network 27, and a common terminals T and R, are offset from the supply voltages, 
mode voltage sensing network comprising two reastors 0 V and DV respectively for normal polarity drive to 
29 connected in series between the terminals T and R. the telephone line) to accommodate signal transmission 
In a manner which is fully described in U.S. patent SO via the amplifiers 32. 

application No. 07/868,941 referred to above, the sens- It should be appreciated that the arrangement of the 
ing circuit produces from ou^uts of the components 27 protection relay contacts 14^ with the voltage sensing 
to 29 output signals ID, IL, ICM, and VCM. The signal resistors 29 on the telephone line side of these contacts 
ID rqiresents the differential a.c. or signal current on and the feed resistors 26 and current sensing networic 27 
the telephone line and hence flowing via the terminals T 55 on the line interface circuit side of these contacts, corre- 
and R, and is suppHed to the transnission interface 16. spends to the protection arrangement of U.S. Pat. No. 
The signal IL represents the loop current on the tele- 4.947,427 referred to above. 

phone fine, Le. direct current flowing in opposite direc- The digital control circuit 20 operates cyclically, 
tions via the two terminals T and R, and the signal ICM performmg a variety of software functions in respective 
represents the longitudinal or common mode current on 60 time slots every 0.5 ms. These software functions in- 
the telephone line, Le. current flowing in the same di- elude, for example, the current limiting referred to 
rection via the two terminals T and R. Individual cur- above, calibrating the sensed currents, and updating a 
rents on the tip and ting wires of the telephone line are timer which is used for timing various waiting periods, 
respectively the sum and difference of the common These functions also include a protection process de- 
mode current and the loop current The ^gnal VCM 65 scribed below, which accordingly embodies a software 
represents a common mode voltage on the telephone protection routine which is returned to every 0.5 ms. 
line when the contacts 14 of the protection relay 15 are This protection routine is represented by the flow chart 
open. in FIG. 2. 
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The protection routine is executed as pan of the nor- common mode current ICM value to detect any zero 
ma] operations of the digital control circuit 20. If a fault crossing, which would correspond to an a.c. fault con- 
occurs, causing operation of the protection rday 15 to ditioo, and adds 8 to the overcurrent counter (OCQ 
open its contacts 14 as described below, the normal already referred to. The overcurrent flag is also cleared 
operations are interrupted and a separate, recovery, 5 in the block 55, so that it can be set again if appropriate 
process is executed by the digital control circuit 20. A in the next cycle through the protection routine, 
purpose of the recovery process is to facilitate the earli- In a subsequent block 56, it is determined whether or 
est possible safe closing of the protection relay contacts not the count of the overcurrent counter exceeds a 
14 after a fault, so that normal operation of the line threshold of, for example, 4096 (hexadedmal 1000). 
interface circuit can be resumed. lO This threshold is reached if the overcurrent counter is 

Briefly described, the protection routine monitors the inoreased by 8, and not decremented, as described 

common mode current ICM and, in the event of an above in each cycle through the protection routine for 

excessive curroit, opens the relay contacts 14 at a zero a period of 256 ms, which is longer than the TnflTimnm 

crossing in the case of a high voltage ac. fault, or on PBX signalling period referred to above. Thus over 

accumulating in an overcurrent counter a count which 15 time a d^tinction is made between a d.c. fault condition, 

exceeds a threshold in the case of a lower voltage a.a which causes the count of the overcurrent counter to 

fault or a d.c. fault In the case of a lightning surge, moease until the threshold is exceeded, and a normal 

either the relay contacts remain closed, or they wOl be PBX signalling condition, which causes tiie count of the 

quickly opened and quickly closed again in the first overcurrent counter to increase to a level below the 

state of the recovery process described bek>w. 20 threshold and then to decrease (due to decrementing in 

Referring to FIG. 2, the protection routine is illus- the block 54) to zero over a period of time, 

trated as being entered at a block 50, in which a recov- In addition, if the telephone line is subject to a rela- 

ery state parameter is reset to zero if a 1 second timer tively low voltage a.c. fault which is sufficient to cause 

has expired. This is discussed further below. A block 51 the overcurrent flag to be set near the peaks of the a-c. 

illustrates that the conunon mode current ICM is recti- 25 cycles but not near the zero crossings of these cycles, 

fled, low pass filtered, and monitored, an overcurrent then in succesave 0.5 ms tune slots the count of the 

(OC) flag being set if an excessive current is detected in overcurrent counter will be increased in each case by 8 

this monitoring. in the block 55 or decreased in each case by 1 in the 

As described above with reference to FIG. 1, the block 53. Again in this situation the count of the over- 

conunon mode current ICM is supplied as a digital 30 current counter will be progressively increased over a 

value to the digital control circuit 20. The low pass period of time until the overcurrent count threshold is 

filter is implemented as a software routine in the digital exceeded. For higher voltage a.c. faults, the low pass 

control circuit 20, with a time constant of for example 4 filtering of the rectified common mode current ICM 

ms to faciHtate a ra|Hd overcurrent detection. As should being monitored is sufficient to ensure that the overour- 

be appreciated, this low pass filtering of the rectified 35 rent flag is set throughout each a.c. cycle, 

common mode current digital value serves to integrate If in the block 56 it is determined that the overcurrent 

the monitored current value over time, thereby filtering count threshold is not exceeded, then in a block 57 it is 

out transients for example due to lightning surges, so determined whether or not a zero crossing of the moni- 

that the protection routine is relatively unre^nsive to tored common mode current value has been detected. If 

such transients as is desired. In the event that the output 40 not, the protection routine cycle is ended until the next 

of the low pass filter exceeds a predetermined threshold time slot 

level stored in the digital control drcuit 20, the circuit If a zero crossing has been detected, then m a block 

20 sets the overcurrent flag. For example, this threshold 58 the zero crossing timer is started for opening the 

level can normally correspond to a common mode cur- protection relay contacts 14 substantially at the next 

rent of 100 mA, and can be increased to correspond to 45 following zero crossing, it being assumed that a 60 Hz 

a current of 120 mA during ringing or coin signalling a.c. fault has caused the excessive current The timer is 

operations. set to accommodate delays in operation of the protec- 

In a block 52, the overcurrent flag is checked to de- tion relay 15 and for processing of signals in the digital 

tennine whether or not it is set to indicate an excesave control circuit 20 to control this relay. In subsequent 

current If the flag is not set, corre^ndmg to a normal 50 time slots every 0.5 ms, as long as the fault persists so 

operating situation, then in a block 53 an overcurrent that the overcurrent flag is set each time, in the block 54 

counter, discussed below, is decr^ented if it has a it is determined that timing for a zero crossing is taking 

count greater than zero, and a zero crossing timer, also place, and in a block 59 a delay is implemented until the 

discussed below, is stopped if it is running. The protec- desired time for instructing the protection relay 15 to 

tion routine is then ended until the next time slot 55 open its contacts. 

If it is determined at the block 52 that the overcurrent In the event that, for example due to a lightning surge 

flag is set, then in a block 54 a decision is made as to having an exponential decay including zero crossings, 

whether or not the zero crossing timer is running. If not, the zero crossing timer is started in die . block 58 and 

then a block 55 is reached. At this point it is established sufasequentiy the common mode current falls below the 

that an excessive current exists, but the nature of the 60 excessive current threshold so that the overcurrent flag 

condition causing this is unknown. In particular, it is not set, then the zero crossing timer is stopped in the 

could be due to a lightning surge, or an excessive a.c. block 53 with decrementing of the overciurent counter, 

voltage on the telephone hne, or a d.c. fault condition Thus the protection routine does not open the relay 

such as a ground fault, or a normal operating condition contacts 14 in response to such a lightning surge, 

such as the grounding of the ting wire of the telephone 65 In the case of a relatively low voltage a.c. fault condi- 

line for up to 250 ms for PBX signalling in known man- tion or a d.c. &ult condition, as explained above the 

ner. To help in distinguishing among these situations, in overcurrent count eventually exceeds the threshold, so 

the block 55 the digital control circuit 20 monitors the that from the decision in the block 56 a block 60 is 
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reached in which the overcunent counter is reset to recovery firom a hi gh voltage (HV) power cross on the 

zero. In tins case, and in the case of a high voltage a.c. telephone line, the second recovery state 72 is directed 
fault condition on expiry of the zero crosang timer, a towards recovery from a lower voltage (LV) power 
block €i is reached in which the protection relay is cross on the telephone line, the third recovery state 73 
controlled by the digital control circuit 20 to open its 5 is directed towards recovery from a ground fault, and 

contacts, and the recovery ^atc parameter already men- the fourth recovery state 74 corresponds to an unknown 

tioned above is incremented. The recovery process, feult condition from which an automatic recovery is not 

represented in FIG. 2 by a block 62, is then entered. On directly attempted. It is iiiq>ortant to appreciate that the 

returning from the recovery process es described below digital control circuit 20 has no actual knowledge of the 

and entry again mto the protection routine, the 1 second 10 nature of a fault condition \diich has triggered a protec 

timCT is started m a block <53 at the end of the protection tion switch. The various recovery states only seek to 

routine cyde. recover quickly from unknown situations when particu- 

On reaching the recovery process block 62, the digi- lar conditioi^ are satisfied, 
tal control circuit 20 has concluded that either an a.c. On occurrence of a protection switch in the event of 
feult or a d.c. fault exists, but it is unaware of the nature 15 a new fault condition, as desCTibed above the recovery 
of this fault The recovery process operates to recover process is entered with the recovery state=l, and the 
from various fault conditions in an automatic, fast, and first recovery state 71 is reached. In this state' the cur- 
effective manner on removal of the fault conditions. To rents IL and ICM are interrupted by the open relay 
this end, the recovery process incorporates successive contacts 14, and the longitudinal or common mode 
attempts at recovery by reclosing the protection relay 20 voltage VCM on the line is monitored by the digital 
contacts 14 under specific conditions, which attempts control circuit 20. While the monitored common mode 
may achieve the desired recovery or may result in an- voltage VCM remains above a relatively high threshold 
other protection switch (<^)ening of the protection relay value, 180 Vrms as indicated m FIG. 3, the digital con- 
contacts) through operation of the protection routmc as trol circuit 20 assumes that the fault condition is still 
described above. The recovery state parameter serves 25 present and stays in this first recovery state 71 accord- 
as a software counter for these successive attempts at ingly. If the monitored voltage falls below this thresh- 
recovery, and the 1 second timer serves to distinguish old value, the digital control dicuit 20 makes an as- 
protection switches, due to successive attempts at re- sumption that a lightning surge or a high voltage power 
covery from a single fault, from protection switches due ctoss has caused the fault and that the fault condition 
to separate fault conditions. 30 has terminated, and controls the protection relay 15 to 

Thus on each exit from the recovery process 62, the close the contacts 14 accOTdingly and exits the recovery 

1 second timer is started at the block 63. If another process at state 70. If this first assumption is correct, 

protection switch occurs within the 1 second period of then the recovery will be successful and them will be no 

this timer, then the recovery state parameter is incre- further protection switch due to the same fault Thus 

mented to the next higher value in the block 61, it being 35 them is a quick recovery from any protection switch 

concluded that the recovery attempt was unsuccessful. due to a lightning surge and on termination of a fault 

If the 1 second time period expires without another due to a high voltage power cross. The 1 second timer, 

protection switch, then in the block 50 the recovery which is set at block 63 on rrtuming to the protection 

state parameter is reset to zero, so that on any subse- process, will subsequently expire and tiie recovery state 

quent protection switch the recovery ^te parameter is 40 parameter will be reset to zero at the block 50. 

incremented to 1 in the block 61 and it is assumed that If the first assumption above is incorrect and a fault 

the protection switch is due to a new fault conditiCHi condition which caused the initial protection switch is 

separate from any previous fault condition. Obviously, still present, then the dosing of the relay contacts 14 

the p«iod of 1 second may be varied to suit particular will restore the original drcumstances and another 

desired operating conditions, and different periods 45 protection switch will occur, within the period of the I 

could be used following recovery fixjm different recov- second timer. In this case the recovery state parameter 

ery states. is not reset but is incremented to 2 at the block 61, so 

The recovery process block 62 in FIG. 2 is repre- that on entry into the recovery process the second re- 
sented by the recovery state diagram in FIG. 3, which covery state 72 is now reached. This will be the case if 
is entered as illustrated by an entry state 69 and which 50 the fault is due to a voltage, lower ttem the high tiiresh- 
is exited as illustrated by an exit state 70. Four possible old voltage, being applied to the telephone line, 
recovery states, corresponding to values of the recov- In the state 72 again the common mode voltage VCM 
ery state parameter from 1 to 4, are represented in FIG. on the line is monitored by the digital control circuit 20. 
3 by states 71 to 74 respectively. Thus from the entry While the monitored common mode voltage VCM 
state 69, one of the states 71 to 74 is reached depending 55 remains above a lower threshold value, 40 Vrms as 
on the value of the recovery state parameter, as indi- indicated in FIG. 3, the digital control circuit 20 as- 
cated by arrowed lines from the state 69 to the states 71 sumes that the fault condition is still present and stays in 
to 74 and the recovery state numbers adjacent these this second recovery state 72 for a period of up to 32 
lines. Other arrowed lines in FIG. 3 amilarly indicate seconds as indicated in FIG. 3. If the monitored voltage 
transitions between states, with conditions being indi- 60 falls below this lower threshold value, the digital con- 
cated adjacent these lines which must be met for these trol circuit 20 makes a second assumption, that a lower 
transitions to occur, as further described below. voltage power cross has caused the fault and that the 

Witinn the recovery state circles 71 to 74, possible fault condition has terminated. Accordingly it controls 

fault conditions are also identified from which the re- the protection relay 15 to cLdsc the contacts 14 and exits 

spective recovery states are deagned to provide recov- 65 the recovery process at state 70. If tiiis second assump- 

ery. Thus the first recovery state 71 is directed towards tion is correct, then the recovery will now be successfiil 

rapid recovery from a lightmng surge which has caused and there will be no further protection switch due to the 

the protection relay contacts to have been opened or samefault Again, the 1 second timer will be set at block 
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63 oil returning to the protection process and will subse- conditions that the common mode current ICM be less 

quently e^ire, the recovery state parameter t>eing reset than 12 mA and a maxim iiTn voltage be applied &om the 

to zero at the block 50. drive circuit 10 to the terminal R (assuming normal 

The operation of the recovery process in the first and polarity), 

second recovery states 71 and 72 is described further 5 If in the third recovery state 73 the common mode 

below with reference to the flow chart in FIG.. 4. current ICM exceeds the excessive current threshold of 

After a period of 32 seconds in the second recovery 100 mA already discussed above, then a further protec- 
state 72, a transition is made to the first recovery state tion switch occurs in a similar manner to that described 
71 (the recovery state parameter being res^ to 1) in above with reference to FIG. 2, the recovery state 
order to avoid a lock-up situation in the event that an 10 parameter being increased to 4. For simplicity this is 
induced voltage remains on the telephone line after a illustrated in FIG. 3 by an arrowed line from the state 
fault condition which has caused a protection switch 73 to the state 74. Such a situation could occur, for 
has ended, the induced voltage being sufficient to pre- example, in the event of a Ughtning surge or high volt- 
vent a transition fixnn the state 72 to the exit state 70 but age power cross occurring while a ground fault exists, 
not being sufficient to adversely affect normal tele- 15 If a further protection switch occurs within the per- 
phone service. In this case the high threshold of the first iod of the 1 second timer following an exit horn the 
recovery state 71 is not exceeded, so that the transition recovery process with the recovery state =3, then the 
to state 71 is followed by a successful exit from the recovery state parameter is again incremented at the 
recovery process via the state 70 without a subsequent block 61 and on re-entry to the recovery process the 
protection switch. 20 fourth recovery state 74 is reached. This corresponds to 

If the second assumption above is incorrect and a an unknown fault condition (for example, a very low 

fault condition which caused the initial protection foreign voltage applied to the line, or an intermittent 

switch is still present, then a further protection switch power cross, or a combination of faults, as mentioned 

will occur, within the period of the 1 second timer, with above) for which manual investigation is desirable. Ac- 

the recovery state parameter being incremented to 3 at 25 cordingly, there is no direct path from the state 74 to the 

the block 61, so that on entry into the recovery process exit recovery process state 70. However, after a period 

the third recovery state 73 is now reached. The most of either 1 or 32 seconds the recovery state parameter is 

likely cause of the fault condition in this case is a ground reset to 1 and a transition is made from this fourth re- 

faull^ but other possible causes are a particularly low covery state 74 to the first recovery state 71 (without 

foreign voltage applied to the line, or an intermittent 30 the protection relay contacts being closed and without 

power cross. The third recovery state 73 atten:q>ts to any intervening return to the protection process of FIG. 

recover from a ground fault 2) so that further recovery attempts can be made auto- 

In the case of nonnal polarity applied from the drive matically in the same sequence as described above, 

circuit 10 to the telephone line via the terminals T and Thus even in the case of an unknown fault condition an 

R, the terminal T is close to 0 volts or ground potential, 35 automatic recovery may be made. The 1 second delay 

and the terminal R is close to the drive circuit supply period is used the first time that the fourth recovery 

voltage DV, A ground fault in this case could connect state 74 is reached, to promote a prompt recovery to 

the ring wire to ground, resulting in a relatively high normal operation, and subsequently the 32 second delay 

current flowing on the ring wire and a low current period in the fourth recovery state is used to avoid 

flowing on the tip wire, corresponding to a high com- 40 excessively fi^uent operations, or chattering, of the 

mon mode current (half the sum of the currents on the protection relay 15, thereby preventing excessive wear 

tip and ring wires) and a high loop current (half the of the relay contacts 14. 

difference of the cents on the tip and ring wires). The As indicated above, the recovery state parameter 

resulting large monitored common mode current ICM constitutes a software counter of successive attempts at 

results in a protection switch as described above with 45 protection recovery, and as such is stored in the digital 

reference to FIG. Z As a result, the cinrents are mter- control circuit 20. The state of this parameter or 

rupted. counter constitutes an indication of the status of the line 

However, monitoring of the common mode voltage interface circuit, and can be monitored accordingly: 

VCM on the line while the contacts 14 are open is of no The digital control circuit 20 can be programmed to 

assistance in determining the continued presence or 50 send messages to the CO via the path 46, in order to 

removal of the ground fault An automatic and immedi- convey information concerning the prevailing protec- 

ate return to normal operation is required on removal of tion or recovery status, at any desired points in the 

a ground fault, and this is especially important in view protection process and/or the recovery process. Alter- 

of the relatively frequent occurrence of ground faults. natively, or in addition, the digital control circuit 20 can 

In order to monitor for the continued presence or 55 be programmed to respond to polling by the CO. to 
removal of a ground fault, the third recovery state 73 convey such information. Such messaged information, 
operates to control the voltages ^lied to the termmals including at least the recovery state parameter, can be 
T and R in such a manner that, with the relay contacts used in the CO. to trigger desired actions, such as in- 
14 closed and while the ground fault continues to exist, vestigation of an unknown fault as discussed above, or 
a measurable common mode current ICM flows and the 60 automatic removal from service of faulty circuits. Thus, 
loop current IL is kept very small so that no damage can through such conveyed information including the re- 
result to the line interface circuit The voltage apphed covery state parameter, maintenance operations of the 
to the terminal R (with normal polarity) is then varied CO. can be considerably enhanced, 
under the control of a closed feedback loop, and is For example, the digital control circuit 20 can be 
monitored to determine removal of the ground fault 65 programmed to supply to the CO. a signal representing 
This is explained in detail below with reference to FIG. the protection status of the line interface circuit, Le. 
5, and is represented in FIG. 3 by an arrowed Ime from whether the relay contacts 14 are open or closed, to- 
the third recovery state 73 to the exit state 70 wiUi the gether with the recovery state parameter, on expiry of 
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a predetermined period, for example 1 second, follow- to be about 1.05 to 1.1 times this, conveniently 4608 or 

ing the last change of dther the protection status or the hexadecimal 1200. 

recovery state parameter. This ensures that the CO. is Correspondfaigjy, the second recovery state thresh- 

informed of protecticHi switches and fault conditions, old of 40 Vims oorrespotids to an average for a rectified 

without an undue burden for communicating messages 5 sine wave of 36 volts and a steady state value of 991. 

being placed on the digital control circuit 20. The low pass filter initialization value is selected to be 

Referring now to FIG. 4, the operation of the recov- 1.25 times this, Le. 1239 or hexadecimal 04D7, and the 

ery process in the first and second recovery states is threshold is selected to be about 1.05 to 1.1 times this, 

described The operation is the same for each state, conveniently 1024 or hexadecimal 0400. 

except for different initialization and thresholds as de- 10 Referring now to FIG. 5, the operation of the recov- 

scribed below. ery process in the third recovery state is described. For 

Entry into the first or second recovery state, oorre- simplicity and clarity the following description initially 
spending to the state 69 in FIG. 3 with the recovery assumes normal polarity operation and checking for 
state= 1 or 2, is represented by a block 80 in FIG. 4. In recovery from a ring-ground fauh. 
a subsequent block 81 a low pass filter is inirialirpiri for 15 In normal polarity operation, as already explained, 
performing low pass faltering, or integration, of the the digital control circuit 20 controls the voltage DV 
common mode voltage VCM, which is rectified, fil- and the voltages TV and RV to maintain adequate 
tered. and monitored as represented by a block 82. The headroom voltages by which the volta^ TV and RV, 
output of the low pass filter, representing the faltered and hence the ou^ut voltages of the amplifiers 32 and 
rectified voltage VCM, is compared with a threshold as 20 the terminals T and R, are offset firom the simply volt- 
represented by a decision block 83, a return to the block ages, 0 V and DV respectively, to accommodate signal 
82 being made if the voltage VCM has not fallen below transmissitm via the amplifiers 32. For convenience, the 
the threshold. If the voltage VCM is below the thresh- labels TV and RV are also used below to refer to the 
old, then the digital control drcuit 20 controls the pro- output voltages of the drive circuit amplifiers 32. The 
tection relay 15 to close its contacts 14 as shown by a 25 headroom voltages may for example be 3.5 V, so that 
block 84, and the recovery process is exited as shown by the voltage TV may be offset from 0 V to - 3.5 V, and 
a block 85, corresponding to the state 70 m FIG. 3. the voltage RV may be ofbet from the supply voltage 

The low pa^ filter for faltering the common mode to DV+3.5 V, DV typically bdng in a range from 

voltage VCM is implemented as a software routine in about — 10 V to about —56 V 2nd being controlled by 

the digital control circuit 20, operating as a leaky accu- ^ the digital control circuit 20 to provide a limited current 

mulator in accordance with the equation: on the telephone line when a connected telephone is 

off-hook. 

LPFout(n)=LPFin +((t - iyt)LPRyut(ii - 1) Entry into the third recovery state, corresponding to 

the state 69 in FIG. 3 with the recovery state=3, is 

where: 35 represented by a block 90 in FIG. 5. In a subsequent 

n represents a current sample; block 91 the digital control circuit 20 initializes the 

n— 1 represents the previous (0.5 ms earlier) sample; voltages DV, TV, and RV and the low pass filter for 

t is a time constant, for example 64 to represent a 32 ground fault recovery, and then controls the protection 

ms period; relay 15 to close its contacts 14. 

LPFin represents a digital value input to the low pass 40 More specifically, the supply voltage DV for the 

filter; and drive circuit 10 is set to its smallest magnitude of — 10 

LPFout represents a digital value output by the low V, the voltage TV is set to —3.5 V to provide a normal 

pass filter. tip headroom, and the voltage RV is set to DVh-6.5 

Because the recovery process is entered due to a V=— 3.5 V. A full description of how these voltages 
protection switch which may typically be due to a high 45 are controlled and established is contained in U.S. pa- 
voltage, and the decision at block 83 detects the falling tent application No. 08A)1Q,244 already referred to, it 
of the filtered value of the monitored voltage below a being sufficient here to observe that the voltages TV 
threshold, the initialization of the low pass filter at the and RV can be changed in steps of about 0.25 V. The 
block 81 sets an initial value, to be used as the value settings of the voltages TV and RV serve to place both 
LPFout(n— 1) in the low pass fDter equation, which 50 of these voltages close together and close to ground or 
reflects an initially high voltage. The threshold with 0 V, on the assumption that there is a ground feult Thus 
which the comparison is made in the block 83 is a lower on closing of the relay contacts 14 there is a negUgible 
value of the low pass filter output LPFout, correspond- loop current IL because the voltages TV and RV are 
ing to a reduced value of the monitored voltage VCM substantially the same, and a small but measurable com- 
integrated over time. 55 mon mode current ICM via a conducting path to 

In one implementation of the line interface, circuit, a ground if there is a ground fault 
one-bit change in the input to the low pass filter corre- The same software low pass filter as described above 
sponded to a change in the voltage VCM of about 2J3 for the first and second recovery states is used for filter- 
volts. The high threshold of 180 Vrms used for the first ing the unrectified common mode current ICM in the 
recovery state corresponds to an average for a rectified 60 ground fault recovery process, and as indicated in the 
sine wave of 180x2V2/7r=162 volts, the rectification block 91 the filter is initialized, to an DPFout value of 
being performed by supplying only the magnitude of zero. The relay contacts 14 are then closed, 
the voltage VCM to the input of the low pass filter. In a following block 92 a 16 ms timer is started, and 
With t=64, this gives a steady state value for the low as indicated by a block 93 there is a wait for the end of 
pass filter of 4458 (64x162/2.33). The initialization 65 this 16 ms period, which serves to provide a settling 
value used in the block 81 for the low pass filter is se- time following each voltage change as described below 
lected to be 1.25 times this, Le. 5572 or hexadecimal and is about the period of any 60 Hz ripple which may 
1534, and the threshold used in the block 83 is selected be present and which is therefore attenuated. At the end 
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of this period a block SW is reached, in which it is deter- Although a particular embodiment of the invention 

mined wh^er or not the common mode, current ICM has been described in detail, it should be appreciated 

exceeds a threshold. For example, the threshold has a that numerous modifications, variations, and adapta- 

value of 768 or hexadecimal 0300, corresponding to a tions may be made without departing from the scope of 

current of 12 mA for t:=64 in the low pass filter equa- 3 the invention as defined in the claims, 

tioa What is claimed is: 

If the current ICM does not exceed the threshold, 1- An automatic protection and recovery method 

then in a block 95 it is determined whether a mflTim um comprising the steps of: 

voltage RV has been reached. As a normal ring head- interrupting a connection of a telephone line interface 

room of 3,5 V would provide a voltage RV of circuit to a telephone Hne in response to a fault 

D V-f- 3.5 = — 6. 5 V, this is used as the mflrimnm voltage condition; 

for the decision block 95. If this Tnayimiim voltage has reconnecting the interface circuit to the line in depen- 

not been reached, i.e. if the voltage RV is more positive dence upon at least one criterion; and 

and hence closer to 0 V than this, then in a block 96 the changing the criterion for reconnection after succes- 

magnitude of the voltage RV is increased. i.e. RV is interruptions. 

made more negative, by 0.25 V. A return is then made ^* ^ method as claimed in claim 1 and mcluding the 

to the block 92 in which the 16 ms timer is restarted for *^^P monitoring common mode voltage on the line 

a new settling period. when the connection of the interface circuit to the line 

In the event that a ground fault is present and contin- ^ iuterrupted, wher^n the interface circuit is recon- 
ues to exist, successive increases in the magnitude of the ^ ^*ccted to the Ime in response to the monitored common 

voltage RV in the block 96 will cause the threshold voltage bemg below a threshold, and the thresh- 

common mode current of 12 mA to be exceeded as ^ reduced for reconnection after a second intemip- 

determined in the block 94, resulting in a block 97 being ^^^^ * predetermmed period fol- 

reached in which the voltage RV is decreased, Le. RV reconnection after a first interruption of the 

is made more positive, by 0.25 V, down to a minimum connection. , . ^ . , 

magnitude of -3.5 V. The block 92 is then agam re- ^' A method as clanned m claun 2 and mcluding the 

turned to. TTius while a ground fault persists, the volt- momtonng cuncnt on the line, wherein the 

age RV wiU be maintained at a level to provide a com- "^^^^on of the mterfaoe circmt to the line is inter- 

mon mode current ICM of about 12 mA, this being ^ ^^"^ to an excessive momtored current 

monitored every 16 ms so that removal of the ground ^ ^ ^ and including the 

fault can be determined. response to mtemiption of the connection 

On removal of a ground fault, the common mode ^J^f fj-^j!^^ * 

current ICM will fall so that the 12 mA threshold will """"rJi'tj^ i r . 

nolongerbe^ceeded.^^^ 33 'tterfL^ Suitt'L^^^^^ "^^^^ 

^deT- ^ r^s^^s^t^Sr^e rr ^rr ^^^^ r ^ 

ui I ftc T icsivucu « ucicnuincu m tuc dctermuung removal of a ground fault on the line in 
block 95. In consequence, a block 98, corx^dmg to depSce upon the mcStored c^^^ ^th^^^ 
the exrt recov«y process state 70 m FIG. 3^ is r«»ched ^^^^he reduced loop drive vX^ 
^d the protection process of Fia 2 is retunied to m 40 5. A iethod as claimed m claim 1 and inSg the 
the same n^er as already descnbal above. Witfi m- ^ monitoring current on the line, whS Se 
creases of a25^V ev^ 16 ms throng a maxmimn comiection of the interface circuit to the line is inter- 
range of -3.5 V to -6.5 V, It foUows that remoyd of ^^pted in response to an excessive monitored cL^ 
""^""^m ^ ^ maximum period of a method as claimed m claim 5 and including the 
^*}!tr f^t. u ^ • r 1 * ^®P^ ^ response to interruption of tiie connection 
^J'!!^*' ^L^^r '^^^ ""^^ ?^ ^ predetermined period foUowing a re, comiec- 
magmtude of the voltage RV being mcreased and de- tion of the interfece circuit to the line 
creased, it is desirable also to increase and decr^ise the reducing a loop drive voltage for supply from the 
voltage TV m exactiy the same manner and at the same interface circuit to the line- 
time so tl^t the voltages TV and RV are substantially 50 reconnecting the interface circuit to tiie line- and 
Ae same tiiroughout the ground fault recovery process. determining removal of a ground fault on the line in 
ITus mamtems a negligible loop current IL throughout dependence upon the monitored current on the fine 
the ground fault recovery process, and also fadfitates supplied with the reduced loop drive voltage 
recovery from a tip-ground fault in reversed polarity 7. a method as claimed in claim 1 and includhig the 
operation of the line mterface cuxmt. Alteratively, only 55 step of resetting a count of successive intemiptiMis a 
the voltage RV can be vaned as described above for predetermined period foUowing reconnection after the 
recovery firom a -rmg-ground fault in normal polarity last interruption, said criterion being determined in 
operation, and only the voltage TV can be similariy dependence upon said count 

varied for recovery firom a tip-ground fault in reversed 8. An automatic protection and recovery method for 

polarity operation. a telephone fine interface circuit coupled to two wires 

In addition, altiiough not illustrated in FIG. 5, as of a telephone line via respective switches, comprising 

already described with reference to FIGS. 2 and 3 the the steps of: 

common mode current ICM is monitored throughout monitoring current on the line when the switches are 

the ground fault recovery process, so that in the event closed; 

of an a.c. fault causing the excessive current threshold 65 opening the switches in response to an excessive mon^ 

of 100 mA to be exceeded this is detected, a new protec- itored current; 

tion switch is effected to open the relay contacts 14, and monitoring voltage on the line when the switches are 

the fourth recovery state 74 is reached. open; 
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closing the switches in response to the monitored current to maintain a sabstantiaUy constant monitored 

voltage being below a threshold level; and current in the presence of the ground fault; and moni- 

changing the threshold level between two succesave . toring the supplied voltage to detect removal of the 

closings of the switches. ground fault 

9. A method as cbiimed in claim 8 and including the 5 18. A method as claimed m claim 15 and including the 
step of determining a predetermined period from a first steps of: modifying the voltage supplied to at least one 
closing of the switches responsive to the monitored of the two terminals in dependence upon the monitored 
voltage being below a first threshold level following a current to maintafq a substantially constant monitored 
first opening of the switches, wherein the step of chang- current m the presence of the ground fault; and moni- 
ing the threshold level comprises using a second thresh- 10 toring the supplied voltage to detect removal of the 
old level, less than the first threshold level, for a second ground fault 

closing of the switches following a second opening of 19. An automatic protection and recovery method 

the switches which occurs within the predetermined comprising the st^ of: interrupting a connection of a 

period telephone line interface circuit to a telephone line in 

10. A method as claimed in claim 9 wherein the first 15 response to current on the line exceeding a piedctcr- 
threshold level corresponds to a common mode voltage mined threshold; monitoring at least one variable , to 
on the line of the order of 180 volts rms. determine whether or not a criterion for reconnection 

11. A method as claimed in claim 9 wherein the sec- of the interface circoit to the line for normal operation 
ond threshold level corresponds to a common mode . is satisfied; reconnecting the interface circuit to the line 
voltage on the line of the order of 40 volts rms. 20 for normal operation in response to the criterion being 

12. A method as claimed in claim 8 wherein the step satisfied; and counting successive interruptions of the 
of monitoring voltage on the line comprises rectifymg coimection each occurring within a predetermined pcr- 
and then low pass filtering ccanmon mode voltage on iod following a reconnection of the interfecc circuit to 
the line. the line for normal operation, tiier^y to provide an 

13. An automatic protection and recovery method for 25 indication of a state of the line interface circuit 

a tdephone line interface circuit, compriang the steps . 20. A method as claimed in claim 19 and including the 

of^ ^ step of determining the criterion for each reconnection 

monitoring current on a wire of a telephone line to in dependence upon the count of successive interrup- 

which the interface circuit supplies a drive voltage tions. 

interrupting a connection of the interface circuit to 30 21. A method as claimed in claim 19 and including the 

the wire in response to the monitored current ex- step of maintaining an interruption of the coimection for 

cceding a threshold value; at least a predetermined period in response to a prede- 

rcducing the drive voltage to a relatively low level; termined count of successive interruptions being 

reconnecting the inter&ce circuit to the wire; and reached. 

determining removal of a ground fault on the wire in 35 22. A method as claimed in claim 19 and including the 

dependence upon the monitored : current on the step ofresetting the count of successive interruptions on 

wire supplied with the reduced drive voltage. expiry of a predetermined period following a reconnec- 

14. A method as claimed in claim 13 wherein the step tion of the line interface circuit to the line for normal 
of determining removal of a ground fault on the wire operation. 

comprises the steps of varying the drive voltage in 40 23. An automatic protection method for a telephone 

dependence upon the monitored current on the wire line interface circuit coupled to two wires of a tde- 

and monitoring the drive voltage. phone line via respective switches, con^)rising the steps 

15. A method of automatically detecting removal of a of: 

ground fault on a two-wire telephone line to which two cyclically providing an indication of an overcurrent 

terminals of a telephone line interfece circuit are con- 45 in response to low pass filtered rectified common 

nected for supplying respective voltages thereto, com- mode current on the Ime exceeding a predeter- 

prising the steps of: controlling the voltages supplied to mined threshold; 

the terminals to produce a measurable common mode in each cycle, izK^reasing a variable by a first amount 
current in the presence of a ground fault and a relatively if said indication is provided in the cycle and de- 
small or negligible loop current on the Hn^ and moni- 50 creasing said variable by a second amount, smaller 
toring current on the telephone line to detect removal than the first amount, if said indication is not pro- 
of the ground fault vided in the cycle; and 

16. A method as claimed in claim 15 wherein the step opening the switches in re^>onse to the variable 
of controlling the volumes supplied to the terminals reaching a predetermined threshold, 
comprises applying a relatively small or negligible dif- 55 24. A method as claimed in claim 23 and including the 
ferential voltage to the two terminals to produce said steps of, while said indication is provided in each cyde, 
rdativdy small or negligible loop current on the line. determining any zero crossing of common mode cnr- 

17. A method as claimed in claim 16 and including the rent on the line and opening the switches in response to 
steps of: modifying the voltage supplied to at least one a determined zero cros^ng. 

of the two terminals in dependence upon the monitored 60 * « * • « 



65 



12/15/2003, EAST Version: 1.4.1 



